Abstract. Variation in the parturition dates of captive sika deer (Cervus nippon) are explained by factors affecting conception date and gestation period. The timing of conception was related to lactational status, and all non-lactating females conceived before the median conception date. Young females were more likely to conceive after the median date of the conception than older females. We propose that females in poor body condition compensate for poor fetal growth with an extended gestation period after a severe winter. Estimates of conception dates from fetal age or parturition dates should consider these complicating factors.
For ungulates inhabiting temperate and arctic environments, the timing of parturition is important for reproductive success. Late births increase offspring mortality (red deer, Cervus elaphus; Guinness et al. 1978, mountain sheep, Ovis canadensis; Festa-Bianchet 1988) and decrease mothers' probability of calving the following year (red deer; Clutton-Brock et al. 1983) . Delayed parturition is apparently caused by delayed conception and/ or prolonged gestation periods. Factors affecting conception dates such as age (red deer; Mitchell and Lincoln 1973, white-tailed deer, Odocoileus virginianus; Rhodes et al. 1991, sika deer; Suzuki et al. 1996) , body condition (red deer; Kohlmann 1999; Noyes et al. 2002) and reproductive status (red deer; Mitchell and Lincoln 1973; Noyes et al. 2002) have been well studied, but there has been little consideration of variation in gestation periods. Because of the difficulty of knowing exact conception dates in free-ranging deer, most studies use estimates derived from parturition dates or fetal age, based on the premise that gestation periods are consistent among females.
In sika deer, large variations in conception date among females have been reported (83-100 days: Koizumi 1991; Asada and Ochiai 1996; Suzuki et al. 1996) and delayed parturition occurs. Like most cervid species, sika deer are polyestrous (Sadleir 1987) ; females repeat estrus every few weeks if they fail to conceive (Yamauchi et al. 1997 ) but this is difficult to decipher in the field. In the current study we employed a new observation protocol (Matsuura et al. 2004 ) to record ovulation and likely conception, allowing us to better consider factors causing variations in parturition dates in sika deer.
Materials and methods

Study animals
We conducted this study at the Ikeda Experimental Deer Farm on the Tokachi plain (143°27'E, 42°56'N), Hokkaido, Japan, from October 1999 to August 2001. The average annual temperature in Ikeda town is 6.9°C; *To whom correspondence should be addressed. E-mail: koyum@seagreen.ocn.ne.jp August is the hottest month (mean 21.7°C) and January the coldest (mean -8.7°C) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) ; Ikeda town meteorological database).
About 80 Hokkaido sika deer (Cervus nippon yesoensis) (25 males, 37 females and numerous fawns in October, 2000) were kept in an 18.8 ha enclosure and bred freely. Deer fed on natural vegetation and supplements such as corn, and had free access to water. All females were individually identified from facial and physical characteristics. Pregnancy rate (89% in 2000 and 93% in 2001) and age of first breeding (two years) indicated that the reproductive condition of the deer in this farm was intermediate between a highly productive wild population, (Suzuki and Ohtaishi 1993) and a wild population in poor condition (Kaji et al. 1988 ).
Behavioral observations
We observed deer during the day in the mating season, from October 5 to December 24 in 1999 (58 days) and from October 3 to December 30 in 2000 (85 days), and during the parturition season, from May 20 to July 28 in 2000 (63 days) and from May 20 to August 9 in 2001 (58 days). We also observed the deer for 2-7 days a week during the rest of the study period in 2000 and 2001. During the study we recorded copulation and parturition dates. We recorded both a stag's mounting with ejaculation and mounting without ejaculation as copulation if the female stayed still under the male. It was also possible that females copulated with males during the night when we did not observe. After copulation a female's rump coat often stood erect and was muddied, and its vulva became red or sometimes bled when the female had copulated several times with several males. Consequently we regarded females in such states in the morning as having copulated during the preceding night.
When parturition was observed, the date was recorded. When we could not observe parturition, the date was estimated from the change of the mothers' abdominal dent and the behavior and body form of her fawn (CluttonBrock et al. 1982) .
Copulation dates of 19 females in 1999 and 16 females in 2000 were obtained. In a previous study, we had confirmed conception dates of another 11 females in 2000 by intense observation and endocrine analysis (Matsuura et al. 2004) , which showed that conception dates corresponded with our observation of the last copulation date in each female. Hence, we defined the date when the last copulation was observed for each female as the date of conception in behavioral observations without endocrine analysis. For analyses we combined the data for the 11 females from the earlier study with that of the 35 females observed in the current study. Eighteen of 27 females (67%) in 2000 had also been observed in 1999.
Body weight measurements
Deer were weighed (± 0.5 kg) one to six times a month by a computerized balance (EziWeight, Tru-Test Ltd., Auckland, New Zealand) that was placed within a passageway. Mating season body weights were defined as those obtained on October 1. When we could not measure deer on October 1, body weights were adjusted to October 1 using daily growth increments to the nearest known weight before and after October 1. Body weights on December 1, which were measured in all females, and minimum body weights of individuals in spring, which were indicated during late April or early May, were also used in the analyses.
Analysis of data
To examine the effects of age, we classified females into three age classes. "Young females" were those aged two and three years because females got pregnant for the first time at that age in this farm. "Old females" were those more than 11 years old because the fecundity of sika deer begins to decline rapidly at that age (Takatsuki 1992) . Other females, from four to 10 years of age, were classified as "prime females".
To discriminate reproductive status, we categorized females according to the differential cost of lactation (lactational status). "Lactating" females consisted of females that kept their fawns alive until October and "non-lactating" females were those that gave birth but lost their fawns before October. Because most of the fawns that died before October did so soon after birth, "non-lactating" females expended little energy in lactation.
We tested the relationships between the conception dates and age or lactational status with c 2 -tests. In these analyses conception dates were categorized into two groups: conceptions that occurred before the annual median dates, and those that occurred on or after the annual median dates. We evaluated relationships between conception dates and October 1 body weights with Spearman's rank correlation.
We tested the differences in gestation periods among age classes or lactational status with the Kruskal-Wallis test or the Mann-Whitney U-test. We examined the relationships among gestation periods and conception dates, body weight on October 1, on December 1, or in spring with Spearman's rank correlation.
A multiple regression model with stepwise selection was used to predict parturition date (days from June 1) from the conception date (days from October 1) and/or gestation period. From this analysis we derived the contribution of each variable (standard partial regression coefficient) to variations in parturition dates. The standard partial regression coefficient and standard variables were described in multiple regression equations.
We used P = 0.05 as the level of statistical significance for all tests. Means are shown with standard deviation (SD) in the text.
Results
Conception dates
Only one out of 46 observed females did not give birth in the parturition season following mating, despite observations of this female copulating several times from November 2 in 2000 to January 23 in 2001. Because this female showed erratic copulation intervals, including one period of nine successive days, we assumed reproductive failure and excluded the individual from analyses. Conceptions were observed from October 24 to December 1 in 1999 and from October 20 to December 30 in 2000. Eighty percent occurred within a period of 20 days in 1999 and of 22 days in 2000. Lactational status was significantly related to conception dates and non-lactating females were more likely to conceive before the median conception date than lactating females (c 2 = 4.3, d.f. = 1, P < 0.05, Fig. 1 ). There was a significant relationship between conception dates and age (c 2 = 7.0, d.f. = 2, P < 0.05). No young female conceived before the median conception date, while more than 50% of prime and old females conceived prior to the median conception date (Fig. 2) . Non-lactating females had a significantly heavier body weight than lactating females in the mating season (Mann-Whitney U-test, U = 22.0, P < 0.05). Consequently the relationship between body weight and conception date was examined in just the lactating females to exclude the effect of lactational status, but no correlation was detected (r s = -0.13, n = 33, P = 0.17).
Gestation periods
Mean gestation period was 230.1 ± 11.3 days ranging from 216 to 260 days in 1999-2000, and 225.4 ± 4.8 days ranging from 216 to 241 days in 2000-2001. Gestation periods did not differ between sexes of fawn (male; 229.0 ± 10.5 days, female; 225.9 ± 6.0 days, Mann-Whitney U-test, P = 0.49). Given this result we pooled gestation periods of females producing male and female fawns in the following analyses.
In the 1999-2000 season, the gestation period was inversely related to body weight of the females on December 1 (r s = -0.51, n = 19, P < 0.05) and in spring (r s = -0.49, n = 18, P < 0.05) (Fig. 3) . There was no significant relationship between the gestation period and body weight in the mating season, October 1 (r s = -0.27, n = 18, P = 0.26). There were no differences in gestation periods between old and prime females (P = 0.69). Young females were excluded because of the small sample size (n = 2, Fig. 4 ). Gestation periods of these two young females were 237 days and 254 days. There was no significant difference in gestation periods between lactating females and non-lactating females (P = 0.13). There was no significant relationship between gestation periods and conception dates (r s = 0.03, n = 19, P = 0.91).
In the 2000-2001 season, there were no significant relationships between gestation periods and body weights of the females in the mating season, October 1 (r s = -0.09, n = 26, P = 0.66), on December 1 (r s = 0.05, n = 26, P = 0.80), or in spring (r s = -0.09, n = 26, P = 0.65). There was no difference in gestation period among age classes (P = 0.78) (Fig. 4) . There was no significant relationship between gestation periods and conception dates (r s = -0.16, n = 26, P = 0.43). We could not assess differences in gestation period relative to lactational status because of the small sample size in this year.
Parturition dates
There were no stillbirths and a single viable fawn was born in all cases. Parturition dates Because gestation periods differed according to body weights of females (Fig. 3) , we further classified individuals as light, (under median spring body weight (59.0 kg)), or heavy (at or over median spring body weight). Parturition date was correlated with conception date and gestation period among light females in 1999-2000 (P < 0.0001, R 2 = 1.0, standard parturition date = 0.52 × standard conception date + 0.76 × standard gestation period); heavy females in 1999-2000 (P < 0.01, R 2 = 0.90, standard parturition date = 1.01 × standard conception date + 0.26 × standard gestation period); and heavy females in 2000-2001 (P < 0.0001, R 2 = 1.0, standard parturition date = 1.03 × standard conception date + 0.37 × standard gestation period). Parturition date was correlated only with conception date in light females in 2000-2001 (P < 0.0001, R 2 = 0.91, parturition date = 0.88 × conception date). The standard partial regression coefficient of the gestation period was larger than that of the conception date only in light females in 1999-2000. 
Discussion
Conception dates were highly synchronous among females and most conceptions occurred from late-October until mid-November, but some late conceptions were observed into December. The timing of conception was related to lactational status, similar to findings in red deer (Mitchell and Lincoln 1973; Clutton-Brock et al. 1982; Noyes et al. 2002) . All non-lactating females conceived before the median conception date in the present study (Fig. 1) . As reported for other species, lactating females showed worse body condition than non-lactating females in the mating season (red deer; Clutton-Brock et al. 1982; Noyes et al. 2002, caribou, Rangifer tarandus; Tyler 1992; Gerhart et al. 1997 , and moose, Alces alces; Testa and Adams 1998). One might conclude that lactation causes late conception through deterioration in female body condition. However, our results showed that body weight did not affect the timing of conception; good body condition does not necessarily lead to early conception in adult females. It is generally agreed that suckling stimuli prevent the initiation of reproductive activity in mammals (Tomogane 1999) and similar findings have been reported for red deer (Loudon et al. 1983) . Our results support this hypothesis that conception date correlates not with female body weight but with lactational status.
It is unclear why young females were more likely than older females to conceive after the median conception date. Late conceptions in young females have been described in white-tailed deer (McCullough 1979; Rhodes et al. 1991) and red deer (Mitchell and Lincoln 1973) . A critical body weight or fat level is required for ovulation (caribou; Crête et al. 1993) or conception (red deer; Hamilton and Blaxter 1980) and it is possible that young females attain the threshold late in the mating season (Suzuki et al. 1996) . Our earlier study revealed that ovulation occurred before conception in all females regardless of conception date (Matsuura et al. 2004 ). Young females probably ovulated but did not conceive. In an earlier study of a wild sika deer population, maximum body weight and fat level occurred in midSeptember and mid-October, respectively Yokoyama et al. 2001) . Because body condition is expected to decline thereafter, it becomes less likely that young females would attain the threshold later in mating season. This finding casts doubt on the theory that later conception in young females is determined by some "critical body weight". Pathological or endocrine studies may be necessary to better understand this phenomenon.
Most of the variation in parturition dates in 2001 was explained by the variation in conception date judged from the standard partial regression coefficient, while the variation in parturition dates in 2000 was explained by variations in gestation periods as well as in conception dates. A possible explanation for this difference is the effect of the severity of winter conditions. Mean cumulative snowfall in the Obihiro district near Ikeda town from December to April over the last 10 years was 195.7 ± 49.3 cm ranging from 145 to 281 cm (calculated from Japan Meteorological Agency data base). The heaviest snowfall (281 cm) occurred during our study, in the winter of 1999-2000. Although the amount of feeding resources was constant regardless of year, deer might not have been able to compensate for the energy loss associated with the heavy snow conditions. The extra energetic cost of carrying a fetus under such conditions may have triggered a compensating mechanism in some females, ultimately lengthening the gestation periods. Festa-Bianchet et al. (1998) reported that the costs of reproduction in females are evident only for individuals that are in poor condition; thus, the gestation periods of light body weight females could have been prolonged in 1999-2000 (Fig. 3) . Consistent with this hypothesis, in our study the contribution of gestation period to the variation in parturition dates was remarkable only in lighter body weight females in severe winter.
The gestation periods of two young females in 1999-2000 (237 days and 254 days) were longer as compared with average gestation period (230.1 days). Since young females are still developing and may carry less fat, the energetic costs of carrying a fetus during a severe winter may be comparable to those of light-bodied adult females. This might explain the wide variations in gestation periods, and why the contribution of the variation in gestation periods on the parturition date was notable in 1999-2000. More intensive measures of fetal growth in winters of differing severity are necessary to further clarify this relationship.
We suggest that delayed parturition is caused by delayed conception as well as by prolonged gestation periods following a severe winter. Young females and those with light body weights appear to have a higher probability of prolonged gestation periods following such conditions. The potential for prolonged gestation following severe winters in these stressed females should be considered when conception dates are calculated from fetal age or parturition date.
